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(57)Abstract 

PURPOSE: To inhibit the formation of LaAI03 and maintain catalytic action and maintain a large specific surface area even at high 
temp, by allowing a perovskite type multiple oxide as a catalytic component to coexist with alumina. 

CONSTITUTION: A multiple oxide having a perovskite type structure is allowed to coexist with Zr02 added alumina and a noble metal 
such as Pd or to further coexist with a heat resistant oxide contg. at least Ce and Zr. 
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CLAIMS 



[Claim 1] The catalyst for exhaust gas purification which made the multiple oxide of the perovskite type structure shown by general 
formula Ln1-xAxM03 (the rare earth metal except Ce and A are transition metals, and Ln is [ Ce or alkaline earth metal, and M ] all 
one sort or two sorts or more, and 0< x<1), the alumina which added Zr02, and noble metals live together at least. 
[Claim 2] Ce and Zr, or the catalyst for exhaust gas purification according to claim 1 that made the heat-resistant oxide which 
contains rare earth metals other than Ce further, and with which at least the part serves as a multiple oxide or the solid solution liv< 
together further. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Even if it uses this invention at an elevated temperature from 800 degrees C, it relates to the three way 
component catalyst for exhaust gas purification excellent in the purification capacity of a carbon monoxide (CO) f a hydrocarbon (HC), 
and nitrogen oxide (NOx). 
[0002] 

[Description of the Prior Art] Utilization is expected as a cheap three way component catalyst for exhaust gas purification with which 
the multiple oxide which has the perovskite type structure which consists of a rare earth metal, an alkaline earth metal, and transition 
metals purifies CO, HC, and NOx (refer to JP,59-87046,A and JP,60-82138,A). However, the perovskite mold multiple oxide catalyst 
aims at using it below 800 degrees C, and when it is necessary to need high catalytic activity and and it also needs to satisfy the 
endurance in an elevated temperature in a pyrosphere 900 degrees C or more like the catalyst for automobile exhaust it cannot be 
said as sufficient catalyst That is, it will sinter, if a perovskite mold multiple oxide is used at an elevated temperature 900 degrees C or 
more, and an effective-surface product decreases, and catalytic activity falls remarkably. 

[0003] Moreover, although CO and the purification capacity of HC are excellent, the perovskite mold multiple oxide is a little inferior in 
the purification capacity of NOx, and they are not enough to present practical use as a three way component catalyst for automobile 
exhaust Then, in order to improve NOx purification capacity, it is known that what is necessary is just to make noble metals live 
together in a perovskite mold multiple oxide. On the other hand, the alumina (aluminum oxide; aluminum 203) is known as an 
outstanding wash coat ingredient which can maintain a high specific surface area also in an elevated temperature 900 degrees C or 
more, and is widely used by the precious metal catalyst Then, in order to consider as the three way component catalyst which can be 
used for a long time by high temperature which calls a perovskite mold multiple oxide catalyst 900 degrees C or more, it is made to 
coexist with an alumina and it is possible to add noble metals. 
[0004] 

[Problem(s) to be Solved by the Invention] When a perovskite mold multiple oxide was made to coexist with an alumina and it was used 
at the about 800-degree C elevated temperature in motor exhaust and atmospheric air, it became clear that La under presentation of a 
perovskite structure reacted with an alumina, and generated LaAI03. This LaAI03 does not have catalytic activity, but when this 
generates, the problem by which the perovskite moid crystal structure which was excellent in the catalysis is destroyed produces it. 
Then, this invention uses a perovskite mold multiple oxide as a catalyst component and while enabling it to maintain a high specific 
surface area also at an elevated temperature by making it coexist with an alumina, it aims at offering the catalyst suppress [ catalyst ] 
generation of LaAI03 and it was made to maintain a catalysis. 
[0005] 

[Means for Solving the Problem] The catalyst of this invention is a catalyst for exhaust gas purification which made the multiple oxide 
of the perovskite type structure shown by general formula Ln1-xAxM03 (the rare earth metal except Ce and A are transition metals, 
and Ln is [ Ce or alkaline earth metal, and M ] all one sort or two sorts or more, and 0< x<1 ), the alumina which added Zr02, and noble 
metals live together at least Ce and Zr, or the heat-resistant oxide that contains rare earth metals other than Ce further and with 
which at least the part serves as a multiple oxide or the solid solution can be made to live together further for this catalyst This heat- 
resistant oxide also controls sintering in the elevated temperature exceeding 800 degrees C, and carries out the operation which 
maintains a high specific surface area. 

[0006] The catalyst of this invention can make the multiple oxide or the solid solution which contains at least the multiple oxide of the 
perovskite type structure shown by the alumina and general formula Ln1-xAxM03 which added Zr02 able to support noble metals, and 
can be manufactured. The support approach is the approach of using the noble-metals salt water solution which prepared pH more 
greatly than 4 or less and 10, making noble metals sink in or adsorb, making support, and calcinating after desiccation. 
[0007] In this invention, before making an alumina and a perovskite mold multiple oxide live together and considering as a multiple oxid< 
or the solid solution, the description is in the point of adding Zr02 to an alumina and making an alumina front face distributing Zr02. 
Zr02 on the front face of an alumina controls the mass transfer of an alumina in the elevated temperature exceeding 800 degrees C, 
and controls generation of LaAI03 by the reaction with La in a perovskite mold multiple oxide. Thereby, the perovskite mold crystal 
structure which was excellent in the catalysis can maintain catalytic activity, without destroying the crystal structure also in the 
elevated-temperature condition which exceeds 800 degrees C under coexistence with aluminum 203. 

[0008] What is necessary is just to use an alumina and a heat-resistant oxide in the condition (a configuration, grain size, purity, 
specific surface area) same with generally being used as support of a catalyst component For example, more than 20m2/ g of specific 
surface area is desirable in order to hold a catalyst component in the high distribution condition. Although especially the ratio of Ce in 
heat-resistant oxide, Zr, and a rare earth metal is not restricted, Zr constitutes five to 50 atom,' and rare earth metals other than Ce 
zero to 100 atom preferably five to 100 atom to 1 00 atoms of Ce so that it may become the atomic ratio of five to 30 atom. 



0009] When the effectiveness by the alumina or the heat-resistant oxide supports a catalyst component on an aiumina or a neav 
esistant oxide and it uses, And it is demonstrated effectively [ in any / in the case of mixing and using catalyst component powder, 
tnd an alumina and heat-resistant oxide powder / case ]. Also after carrying out long duration use at the elevated temperature 
ixceeding 800 degrees C, the catalyst component is maintained by the high distribution condition on support, or exists in the condition 
)f high distribution between an alumina or heat-resistant oxide powder. 

!0010] Although it can be used as a three way component catalyst also in itself [ perovskite mold multiple oxide ], the purification 
capacity over NOx is a little inferior compared with the purification capacity over HC or CO. Then, in order to raise the activity over 
MOx, little addition of the noble metals, such as palladium, was carried out noble metals — a PUROBUSU kite mold multiple oxide and 
alumina top — or it is further supported also on the heat-resistant oxide. When the supported noble metals are supported with a 
deposit condition by high distribution on the alumina of high specific surface area which does not react on the other hand, or a heat- 
-esistant oxide by dissolution and a deposit phenomenon happening on the perovskite mold multiple oxide which reacts, also at the 
slevated temperature exceeding 800 degrees C under an exhaust gas fluctuation ambient atmosphere, sintering of noble metals cannot 
break out easily and purification activity is maintained by altitude. 

[0011] 1 - 80% of the weight of the catalyst whole quantity of the rate of the perovskite mold multiple oxide which is one of the 
catalyst components in this invention is desirable. If catalytic activity is low and increases more than 80 % of the weight conversely 
when fewer than 1 % of the weight, the effectiveness of an alumina or a heat-resistant oxide is hard coming to appear and is not 
desirable. The configuration of a perovskite mold multiple oxide, grain size, purity, specific surface area, etc. should just be in the 
condition of usually being used as a catalyst component 

[0012] The noble metals which are other catalyst components use one sort chosen from from among Ru, Rh, Pd, Os(es), iKs), and Pt(s) 
of a platinum group, or two sorts or more. When Pd is used among these noble metals, an NOx purification property improves most The 
amount of noble metals has 0.1 - 2 desirably good % of the weight 0.01 to 5% of the weight to the catalyst whole quantity. Even if 
improvement in NOx purification capacity is inadequate when there are few noble metals than 0.01 % of the weight, and it exceeds 5 % 
of the weight conversely, NOx purification capacity is saturated. These noble metals are used in the condition (a configuration, grain 
size, purity, specific surface area) of usually being used in the conventional three way component catalyst Thus, the catalyst 
concerning this invention turns into a cheap three way component catalyst for exhaust gas purification which is durable also at the 
elevated temperature exceeding 800 degrees C. 

[0013] At the process which makes noble metals live together by the approach of manufacturing the catalyst of this invention In the 
case of the manufacture approach which makes pH of a noble-metals salt water solution four or less As a water-soluble noble-metals 
salt chlorides, such as PdCI2, PtCI2, and RuCI3.3H20, Dinitro diamine salts of that a water solution indicates strong acid nature to be, 
such as nitrates, such as Pd (N03)2, Ru (N03)3, and Rh (N03)3, Pd(N02)2(NH3) 2, and Pt(N02)2(NH3) 2, etc. are desirable. 
[0014] In the case of the approach of making pH of a noble-metals salt water solution larger than 10, and manufacturing it Tetrapod 
amine palladium dichloride Pd(NH3)4CI2 and tetra-amine palladium oxalate (NH3) (OH) Pd 4 [ whether it prepares and uses so that 
aqueous ammonia and an acid may be added in basic water solutions, such as 2, and it may be set to pH>10 and ] Nitrates, such as 
chlorides, such as PdCI2, PtCI2, and RuCI3.3H20, and Pd (N03)2, Ru (N03)3, Rh (N03)3, Or it prepares and uses so that aqueous 
ammonia may be added to aqueous acids, such as dinitro diamine salts, such as Pd(N02)2(NH3) 2 and Pt(N02)2(NH3) 2, and it may be 
set to pH>10. The catalyst of this invention adds a binder to this, it can fabricate and use for a predetermined configuration, or it can 
add water, can make it the shape of a slurry, and can also apply and use it for a base material. 
[0015] 

[Effect of the Invention] Activity can be maintained without destroying the perovskite mold crystal structure also at the elevated 

temperature exceeding 800 degrees C, since the alumina which added Zr02 to the multiple oxide of perovskite type structure, and 

noble metals were made to live together at least in this invention. 

[0016] 

[Example] 

(Example 1) 

Procedure A : The ion-exchange-water 50 weight section is added to the gamma-aluminum 203 powder 1 00 weight section of 
pretreatment marketing of an alumina, and is agitated and infiltrated into it Next the zirconium nitrate (ZrO 2-minute wt(s)[ 40.1 2] %) 
49.9 weight section is dissolved in the ion-exchange-water 50 weight section, and it holds for 30 minutes and is made to agitate in 
addition to 20gamma-aluminum 3 powder which carried out water previously, and to adsorb at 40 degrees C. Then, it is made to dry in 
the oven which carried out the temperature up to 1 1 0 degrees C. After agitating well every 30 minutes and dispersing moisture, it is 
made to dry at 110 degrees C for 12 hours. After calcinating the dry powder at 600 degrees C in atmospheric air for 3 hours using an 
electric furnace, the mortar ground in magnitude of 1 80 micrometers or less, and 20aluminum3 powder which made the front face 
distribute detailed Zr02 was obtained. The weight ratio of aluminum203 and Zr02 was 1 0:2. 

[0017] Procedure B : Heat-resistant oxide which has used as support with the manufacture alumina of a heat-resistant oxide, 
Commercial cerium oxide powder of high specific surface area (2/g Ce02 specific surface area of 130m) 99.9% of purity and TREO(all 
rare earth oxidesM 1 1 .9g are prepared. To this, 147.9g (contained 25.0% of the weight by Zr02 conversion in liquid density 1.51 and 
liquid) of oxy-zirconium-nitrate (Zr02 (N03)) water solutions, And 26.0g (contained 21.7% of the weight by 20Y3 conversion in liquid 
density 1.62 and liquid) of nitric-acid yttrium (Y(N03) 3) water solutions was added, and it dried in 10-hour atmospheric air at 110 
degrees C, having agitated well and mixing. Then, baking was performed at 600 degrees C in atmospheric air for 3 hours, and about 
150g of O(Ce<SUB>0.65Zr 0.30Y0.05)2 multiple oxides was obtained. 

[001 8] Procedure C : The preparation approach of manufacture approach perovskite mold multiple oxide (La0.8Ce0.2) (Fe0.6Co0.4) 03 
powder of perovskite mold multiple oxide crystal powder is explained. 103.9g of lanthanum nitrates, 26.1 g of cerium nitrates, 34.9g of 
cobalt nitrates, and 0.3L of water solutions which dissolved 72.7g of iron nitrate in pure water were prepared. Next, 0.5I. of water 
solutions which dissolved 50g of sodium carbonates as a neutralization coprecipitater was prepared. The neutralization coprecipitater 
was dropped at the previous water solution, and the coprecipitate was obtained. The vacuum drying was carried out, after rinsing the 
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coprecipitate enough and filtering it This was ground after baking in 3-hour atmospheric air at 600 degrees C, and it calcinated in 3- 
hour atmospheric air at 800 degrees C after that and ground further, and the powder of O(Fe(La0.8Ce0.2)0.6Co0.4) 3 was produced. 
[0019] Procedure D : The perovskite mold multiple oxide powder 75 weight section manufactured in the support procedure C of a 
perovskite mold multiple oxide, The aluminum203 powder 60 weight section [ finishing / Zr02 processing ] obtained in Procedure A, 
the heat-resistant Seria powder 15 weight section manufactured in Procedure B, They are 58.7 weight ****** and a ball mill about ion 
water so that total solids may become 50wt(s)% about the ceria sol (solid content 10wt%) 50 weight section (solid content 5 weight 
sections) and the zirconia sol (solid content 30wt%) 3.3 weight section (solid content 1 weight section). Mixing for 12 hours, it ground 
and the slurry was obtained. The excessive slurry was blown off and homogeneity was coated, after making this slurry flow into a 
cordierite honeycomb. The honeycomb behind a slurry coat was dried at 120 degrees C for 12 hours, it calcinated at 600 degrees C in 
air for 3 hours, and the honeycomb-like sample was obtained. The amount of support of the sample after baking was 1 80g per 
honeycomb capacity of 1 1. 

[0020] Procedure E: 38 weight sections measuring of the support palladium nitrate solution (Pd concentration 4.4wt%) of noble metals 
Pd was carried out so that it might become the 1.67 weight section by part for Pd, the ion-exchange-water 50 weight section was 
added, and it prepared to pH<2 (an actual measurement is pH=1.8). It was immersed, the honeycomb-like sample obtained in Procedure 
D in this palladium solution was held at 40 degrees C for 2 hours, and Pd was made to adsorb. Then, after making it dry at 120 degrees 
C for 12 hours, it calcinated at 600 degrees C in air for 3 hours, and the catalyst sample of an example 1 was obtained. 
[0021] (Example 2) In the procedure D in an example 1, made perovskite mold multiple oxide powder into 75 weight sections, made 
20processed [ Zr02 ] aluminum3 powder into 40 weight sections, and the heat-resistant Seria powder was made into 35 weight 
sections, and also the catalyst sample of an example 2 was obtained by the same actuation as an example 1 . 
[0022] (Example 3) Perovskite mold multiple oxide powder was made into 50 weight sections in the procedure D in an example 1, 
20processed [ Zr02 ] aluminum3 powder was made into 50 weight sections, the heat-resistant Seria powder was made into 50 weight 
sections, and the palladium nitrate solution of the 1 8.9 weight sections was measured so that it might become the 0.83 weight section 
about a part for Pd in Procedure E, and also the catalyst sample of an example 3 was obtained by the same actuation as an example 1. 
[0023] (Example 4) In the procedure D in an example 1, made 20processed [ Zr02 ] aluminum3 powder into 75 weight sections, and 
addition of the heat-resistant Seria powder was excluded, and also the catalyst sample of an example 4 was obtained by the same 
actuation as an example 1 . 

[0024] ((a) The example of a comparison) In the procedure D of an example 1 , 20processed [ Zr02 ] aluminum3 powder was replaced 
with 20aluminum3 unsettled powder, and also the catalyst sample of the example a of a comparison was obtained by the same 
actuation as an example 1 . 

[0025] ((b) The example of a comparison) 20Pt-Rh/aluminum3 catalyst which is a catalyst for automobiles already put in practical use 
was made into the catalyst sample of the example b of a comparison. The Pt-Rh content was the 0.54 weight section. The catalyst 
specification of an example and the example of a comparison is shown in Table 1, and the measurement result of each catalytic activity 
is shown in Table 2. Table 2 shows 50% purification temperature after the first stage and a durability test 
[0026] 
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[0027] 
[Table 2] 
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[0028] Measurement and the durability test of catalytic activity were performed as follows. 

Activity was measured for each sample supported by the measurement honeycomb-like (number of eels 400-/inch 2) cordierite 
support (the diameter of 30mm, die length of 50mm) of catalytic activity by the following model gas. The inlet gas temperature to a 
catalyst shows gas temperature, it carries out a temperature up from a room temperature, and makes purification temperature 
temperature to which each of NO, CO, and HC (C3H6+C3H8) fell to 50% of initial concentration 50%. 

[0029] Moreover, rich gas and lean gas were switched for every second, respectively. Space velocity (S V) of the gas stream which 

passes along a catalyst was made into 30,000-/time amount 

[0030] 

Rich gas Lean gas CO 2.6 % 0.7 % HC (C1 conversion concentration) 0.19% 0.19% H2 0.87% 0.23% C02 8 % 8 % NO 0.17% 0.17% 02 0.65% 
1.8 % H20 10% 10 % N2 Remainder Remainder [0031] The rich gas and lean gas of the durability test above were switched every 5 
seconds, it repeated at 900 degrees C for 30 minutes, the cycle of 30 minutes was repeated 1 5 times at 750 degrees C, and the 
durability test was performed. Catalytic activity was measured by the aforementioned approach also after the durability test 50%, each 
catalyst by this invention has low purification temperature, and excels the example of a comparison in catalytic activity. Moreover, 
although LaAI03 (JCPDS card No.31-0022) which the perovskite mold multiple oxide and alumina which are a catalyst component 
reacted, and was produced was detected in the example a of a comparison as a result of measurement by the X diffraction of the 
catalyst after a durability test, LaAI03 was not detected from the measurement result of each example. From this result, Zr02 
processing of an alumina shows that the degradation reaction in an elevated temperature is controlled. 
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©Sj£K«fc*LaA 1 O.CftSKifWW-rS. CtlKJ: 
D . fMitm<D&ti-tc<- vzfxmv m&BMM* A 1 

, o. 4©*ffTK*jt>T. 800 'czmz-zmutmit 

40 f#7-5>Cid5"C*4. 

[ 0 0 0 8 ] 7)1 5 7^W^ftS?<b^«-®KM^^ 
©S«JiUT«t,»6n-Cl>-5©iPfil©ttS8 0&tt tt 

ata«afta^**»«^Kfi^7*fca>. 2 0 m*/ 

g6Lh#a* Hr>. W»ttBMk»t»©C e . Zr> f± 

sftin©jt*tt#K wiss nft c e © 1 0 0 

KML-CZr«5-l 0 »*0<tt5-5 0Jl 

• Ce^©#±S^IS«0~10 0^. SfSL< 

50 [0009] 7*5 7«Bfctt»fl»iCJ:a»*tt. M 



(3) 

3 

brim? zm&D^? ticom-sic i>jmic§tm 
[ooio] ^d^*-( m&£&avtoztin#^ 

ft«L'©S£lS£4>§$JinUc. ^^JSW^a^rt-f h 

•5>^a7x#>f bM«£i*{b^±rttIIS;Rtf#THJ3i& 
a^C?. — 3u KifcOftt^tb^ffiSKDT.rt'S^* 

^i4Kffc^±-c««Tm«fii^iii^^s^5 c * k 

<fc rj . j^#*30&*H»Tfctewa 8 0 0 'C^M^ 5 
Wi-ct>Jl*)«©«aS*«*K< <. ?f^br§14#lS£«: 

[0011] *^K*it-t?>)!fiiW 1 o-c*S^a 

mnL^mam<om^iifm±m<o 1 - 8 o » 

SX#a*U>. lfia%£9^ftl^ttfc&&ffitt# 
{£<. j£«:8 0Sfi%J:9iK ft Sir;!- 5 
!Mfc»©»**sH*>*i«:< < L< fto. 

[ooi2] j&®mmi&ft'c*>2>n&m\z&£&<DB. 

u. Rh. Pd, Os, I rRtfPt©5*>*>e>aw:ft 
d*JBC>/clt£K:NOx#{b1ft£#«fcfi±-rS. 

m<Dmzim±*KitHs0 . o i~5*g%. s*u< 

«0. l-2ti%m «£JS#0. OlSS^J: 
•)4>ftt,>ig£«NO xHKttfe*OlS]±*^+^t?ft <3 . 
^K5a»%£M&T&NOx^b1fct>A*l§flrf -5. c 

(«tt. ttflt. «£. it3M> -Cffl^So C© 
<fc5CC. *^(CA^€.«tt, 8 0 0-C£*!S.£ii;& 

[0013] *»»©jii«*ii*r**tt'c**M** 
mm&<om£u> **ttJt&>itt£i/cttPdc i 

PtCl,. RuC lj-SHjOfti*©^!:^ Pd 
(NO,)., Ru(NO,)„ RhCNOjJ^i'©!!!, 
P d (NOj), (NHj)j. P t (N O, ), (NH , ), ft 

[0014] a&giS*?§;*©P H£ 1 0 <fc 9** < 0 
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4 

P5-( FPd(NH,),C 1 ^fh77 5^7';^ 
*BMttP d (NH,) 4 (OH), ft ^©**tt*«R«:7 > 
^77K^4^1)nL/TpH> l 0(cftS<k^«:i3Sb 
TRH>£#>. PdCl,. PtCI,, RuCl^SH, 
Oft£©&,m Pd(NO,) ll RuCNO,)., Rh 
(NO,). &£©*»». XttPdCNO,),(NH,),. P 
t (N O, ), (N H,), ft £*©J>- V OS?T 5 >&ft £"©18 
it*®t(CT>*-T*4^ttlL/-CpH> 1 OKftSi 

[00 15] 

[»«©«*] Jt^Ttt^n?**-* hffltt©*.* 
BWfcftK. Z r OjfctJSiHJl/fcT^S^t. ft^Ki* 
#ft< ifc^ffSttft:©"?. 8 0 0 , C£S*.&ifiST?fc 

[00 16] 
3 [JOHN] 

mm i ) 

ipjR©r-Al,0,»*l 0 0M»«:-f*>Saft*5 

ossa^*.. «#u-c^a2-a-2». wms>*> 

3i;KZrO,540.12wt%) 49. 9S4SP4 
-f * 5 0 SBflStcjgK b . £ # /c r - 

Ai,o,»*acjH*.'ca»u 4o-c-c3o^fbj^u 

•tMIS-liS. *©«. 1 10"CfcJW3-&fc*-:7> 

3 o^cri(cJ;<«#b > 

to sttfca. 1 1 o-c-ci ztm&maz. m&bic® 
5^4. ««^*»i>r*«*'C8 0 0 , (re3««B««u 

/c^> ?Li*ri 8 0*tm«T©**3fc«»l/. «Hift 
Z r 0,*«HtC»»S-ttA:A 1 ,0,»**fllfc. A 1 , 
O.iZ r Oi©SSttBl 0 : ZTft^fc. 
[0017] ^IMB : Wm&fflk®K»9&& 

nmt. mwtoi&ik&wmowHte v *>jjm ( c e o 

.Jtffimil 3 0m'/g, ttS99. 9%/TREO 

(£#±aBMt*> ) 1 1 1. 9g4fflEu. cncc^- 

40 *5/ffi»i?*3- , 5ACZ r 0(NO,),)*SSfiR (JKltft 
1. 5 1. *4>icZrO I »jrc2 5. 0S«%l%$4l 
5) 14 7. 9 s. RWBM-f » hyf^CYCNO,),) 
*»«(«tk«l. 6 2. «*«:Y l O J gim-C2 1. 7 

assigns) 2 6. og^jjD^.. < fc<af*u-cs^ 
i/ft*se> 1 1 o'cx i o^m^ti^iaii/fc. -e© 

^. ^Sli|J"C6 0 0XT3«FHI«JS*tfftl>. (Ce.. 
„ Z r . o.Y. ..,)0,«i%lKk**fil 5 0 zWt. 
[0 0 18] £||C : ^n^X*>f hStt^SMktl 

JSft»*©«jS*ffi 
50 ^B^*-f hSa^iWb«(La..,Ce..,)(F e„ ., 
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5 6 

co..oo,a$©aw^*iM!-rs. *tc»~t>i*wv>7)\szm.mb> 40'cv2mmmb 

103. 9g, ffi®-bVOJ*26Ag, MBIa^hS TPd4«»S*fc. 1 2 0 "CC 1 2 IWBlHi 

4.9*. Wft7 2.7et«*(C«»l/fc*««0. SftlirBOOWaeiBWdil/. jwwii 

3 y » K;i/*fli*L.fc. #*Q*ft»l<b l.tkm^ ©MMKttftafc. 

KU*A5 0g*«Wl/toWS»0.5!l9 [002 1] (*JSW2) MHIlKWSflDT. 

Ufc. ip|p*a^%ft©*S«K«Tl/. *tt**» ^0^**4 h^^b«»**7 5a«»£U Z 

fc. *©&&%£+#*& U K£.Wkb rO,*BI»*Al 1 O,»**4 0M*iU 

fc. CtlZGOO'CVSftmtttpvmm* 0ftU y7»**3 5M»£-J-*fl!!tt. **W 1 £H«©ii 

*©3L 8 0 0XW3B*n*ft*T«ia*tfftK 3 6 ^{C J: D IISfeM 2 © f#/c. 

K»»U (La 0 .,Ce..O(Fe„..Co..,)O a ©t9 10 [0 02 2] (KNOTS) *ttWlK*»W**«D"C. 

C 0 0 1 9 ] #HBD : ^UzTztiJY BK r 0,£lil»A 1 ,0,»**5 OtMi U 

©fS# y7tt**5 0SWB&U *«E"T0Pda*O.8 

#«C"CiaiUfc^O^*-f h^t^BMbWB*7 5 3M»ift*J:5K 1 8 . 9 S»»©ilSl*>^ 5*$* 

aasis. ^*At?»tez r o,*a»*©A 1 , o,^* ttfttttarsai*. mmm 1 iR»©»ffccj: o^fg 

6 0MSI5. #*B-CWtLfcB«H2 'J 7»*1 5 fit « 3 ©NMSttil&&fc. 

ss, tu?^ <bxmh owt%) 5o*asp mm [0023] (sat«4) i»«nc4aw**«D'c. 

#-C«5SfiSB) , RU^a-TVOt' (BM3 0w ZrO J te3fc#Al 1 0,t&* J £7 5*»8P£U 

t %) 3 . 3»asu (H»»"ett 1 aaa> *. -t y 7»*©W64Svfc««. 3&K01 1 inwonff 

«*50wtXi4SJ:5U*>*45 8.71JBI 20 (C£93ttffl4©ltiKtttl&ff;fc. 

Ail. #-Jl'5*KJ:») 1 ZmmU^btnt&h^WL-C [0024] (WSMHa) ldlWl©*«DK4B(,»r. 

X5y-*»fc. C©^5y-*3-yx5-f h/v=.*7 Z r OjMSSI&A 1 .0.^i^jfilOA l,0.tt$ 

AK«A ) 3*fc8L ^*J©X5 y KfWfcttttgStWi 1 iraa©»^{C«fcOJt«Wa©tt 

0TW1 2*|MtftU 2»ttir6 0 0"C-C3ll#IHI*£jj& [0025] WMMb) TVK.mmitZtiX\.*ZUn 

UT^-*Att*>^*flWfc. j»S»©*>^i/©a 3UBB4&T&-SP t -Rh/A 1 lO.MWtitiKMb© 

JtSW^-rtAgSl y ? h^SO 1 8 0 gT*^fc. fc!«f4£Ufc. P t -Rh£W«*0 .5 4 MM? 

[002 0] : ft&IK P d ©fi& * fc. HJSfl&Cf tfc8HH©«tti{t«*SS 1 0 . * 

SiA^y-JAM (Pdigg4 .4 w t%) £P d# n^ft©MJ&r£tt©tl^*£*2£^-r. &2ttti0(B 
■CI .6.7aaaStft4J:9«:3 83MMPIHIO. -f* 30 J&VffiXtfW&<Db 0%mt&&Zwbtci><DV&Z>, 

>£&*5 osaas*snit. ph<2 (nsijfit»pH= [0026] 

1 .8) '(CHHlyAu CC^S^AjffiWc^mDrai * Ml.] 
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(La 0 . sCe 0 . a) (Fe 0 . eCoo- 4)0 3 (75] 


*aai-^(60) 
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?d (0.833 


3S16W4 


(Lao. aCeo. 2) (Fe 0 . aCoo. 4) 0 3 (75! 


«ia-r^(75] 




PdCl.67) 


Jt«Wa 
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fcafeueo) 


(CeZrY)0 2 [15) 


PdCl.67] 
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(CeZrY)0 a (50] 


Pt-Rh 
CO. 50 
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if^&5 0%8Wfci&£ CC) 




CO 


rl ^ 


IN \J 2> 


CO 


HC 


NOx 


^ofe^ii 


15 0 




1 ft 9 


2 3 0 


2 3 3 


22 2 




1 o 1 


1 su 


1 v O 


2 3 1 


2 4 2 
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16 7 


17 1 


17 2 


24 5 


239 


247 




17 1 


178 


180 


26 2 


246 


253 
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201 


1 97 


28 3 


28 4 


268 


tfctStOTb 


192 


207 


197 


285 


298 


28 1 



[0028] wm&ommtmmmmTO) «t $ « 
mmtt>wsL 

j\z.#J*Vi (-b;H&4 0 0 /inch 1 ) 3-S?x9-f hffi 
ft (ft&3 Omm. 1350mm) tcSJSS Wc-eft^ 



:NO> CO. HC (C.H. + CH.) ©*-ft^n«B 
«S©5 0%«:ffi,TbfctaE?:5 o%^(bssi-rs. 
[0 02 9] Sfc. 'j9^t'J->^BtnW 

i#«tc«i9»*.fc. i*K*as#*«©£niB*« (s 

V) t*3 0 ,0 0 
[003 0] 

'J 



CO 2.6 % 

■HCCdfcJHiK) 0.19% 
H, 0.87% 
CO, 8 % 

NO 0.17% 
O, 0.65% 
H,0 10 % 

[003 1 ] W^KK 

0 0'C"C3 0^. 7 5 0*C-C3 0#©1M f*tl 50 
«9iE0"Cifit*J*»*fTfcr>fc. WXi*i*&K*>ii5SH<D 

mmrwj: 9 *> 5 o %jfKbi&a#<&< . m&ffi&c&ti 



0.7% 
0.19% 
23% 



0 
8 
0 
1 

1 0 



.17% 
.8 % 
% 



30 



a (J CPDS*— FNo. 3 1-0022) WftWS 
ftfctf. »«Ml«©«iSIS**»6«L a A 1 O.ttfcW 
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